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Memorandum

Date: November 21, 2024
To: City of Thornton
From: Fehr & Peers

Subject: Thornton Vision Zero Action Plan Analysis Methodology

DNZ23-0802

This memorandum outlines the methodologies used to develop Thornton's Vision Zero Action
Plan. The following sections describe the development of the High Injury Network + High Risk

Network, Level of Service of Safety Analysis, and priority location identification.

High Injury Network + High
Risk Network Identification

High Injury Network

The High Injury Network (HIN) represents roadway segments with a disproportionately high
number of crashes, and particularly severe crashes, per mile. HIN development used a “sliding
window" approach to associate crashes with street segments. In this approach, crashes within a
specified distance from a roadway are joined to a segment of specified length (the "window"). The
window is then shifted slightly, and the process repeated, until the entire network has been

assessed with a series of overlapping windows (Figure 1). Compared to an approach based on

" Texas A&M Transportation Institute, 2017. “Innovative Tools and Techniques in Identifying Highway Safety
Improvement Projects: Technical Report.” Available at
https://static.tti.tamu.edu/tti.tamu.edu/documents/0-6912-1.pdf.
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analyzing discrete blocks, the sliding window approach accounts for collision density up- and
downstream of each analysis window, making it more likely to identify systemic patterns. This

approach also smooths errors in crash location reporting.
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Figure 1: The sliding window approach attributes crashes to overlapping roadway
segments, creating a smooth and accurate High Injury Network. (Source: Texas A&M
Transportation Institute)

Fehr & Peers has developed a proprietary ArcGIS Pro geoprocessing tool based on Python scripts
to conduct the sliding window analysis and smooth the results into a HIN. For the analysis for the
City of Thornton, the window length was set to 1,320 feet, the window shift to 528 feet, and the

crash search radius to 50 feet. All crash types were given equal weight.

After running the sliding window tool, a second script isolated segments that scored in the 98th
percentile for crash frequency and smoothed them such that segments up to 2,640 feet apart

were joined together. The resulting smoothed line network forms the HIN.

High Risk Network

The High Risk Network (HRN) in Thornton was developed by identifying a set of contextual
factors most associated with fatal and injury crashes and then mapping street segments in the city
with a high concentration of overlapping risk factors. The first step in this process was to identify

the risk factors.

Contextual Risk Factors

Contextual factors are aspects of the physical environment present at the time of the crash that
may have influenced the outcome of the crash or whether it occurred at all, such as crosswalks or

streetlights. Each crash resulting in injury or death that occurred in Thornton between 2018 and
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2022 was assessed for the presence or absence of various contextual factors. Sixteen contextual

were analyzed, each with two or more sub-factors:
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10.
11.
12.
13.
14.
15.
16.

Roadway functional class

Pavement condition

Intersection type (signalized, etc.)

Pedestrian intersection type (pedestrian signal, crosswalk, etc.)
Pedestrian & bicycle facilities (sidewalk, bike lane, etc.)
Land use category

Destination type (city facility, transit stop, school, etc.)
Public comment

Traffic volume

Left turn signal phase

Household vehicles available

Household income

Posted speed

85% operating speed

Frequency of quick acceleration

Frequency of hard braking

Table 1 shows the systemic safety matrix of all contextual factors analyzed compared to different

crash attributes.
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Out of the contextual factors analyzed the team identified seven factors most associated with fatal
and injury crashes. The seven risk factors are shown in Table 2. All are associated with above
average crash rates (crashes per mile), were found to be sufficiently present in Thornton to be
meaningful, and are not all interdependent — meaning together they represent a broad set of
different types of factors (i.e. infrastructure factors, operational factors, geographic factors,

demographic factors, etc.) and do not always overlap.

Table 2. Contextual Factors Used to Develop the High Risk Network

Contextual Factor Description Threshold Crash Rate

Count of vehicles along roads. Volumes

assigned to road segments between More than 20,000
major road intersections. Traffic count AADT

data provided by the City of Thornton.

Volume 31 crashes/mile

Intersection with traffic signal installed at Within 250 feet of a
Signalized Intersection the time of the crash. Signal location data sianal 16 crashes/mile
provided by the City of Thornton. 9

85th percentile operating speeds. Data
Operating Speed derived from operating speed data More than 30 MPH .47 crashes/mile?
collected in 2022 by Wejo.?

Block groups within the lowest quartile of
household income within Thornton city ~ 15% of the
boundaries (15% of the population at or  population is at or

Household Income below the federal poverty line.) 2019 below the federal 7 crashes/mile
Census block group data, American poverty line
Community Survey 5-year estimates.
i . g Withi f f
Transit Stops and RTD bus and light rail stops. Data It |'n 800 feet of a .
. . transit stop or 6 crashes/mile
Stations provided by RTD. .
station
. Along commercial
Land Use Land. use of parcel.s in Thornton. Data or institutional land 5 crashes/mile
provided by the City of Thornton. Use
Locations of traffic safety concerns
@y g provided by the community through the  Within 500 feet of a 5 crashes/mile

online survey interactive map. Data public comment
collected in spring and summer of 2024.

2 Wejo is a Big Data provider, that provides operating speed data sourced from in-vehicle navigation
systems. Wejo's data set includes a subset of roads as well as many driveways, parking lots, and alleys. The
average crash rate for segments with operating speed data was .22 crashes per mile, meaning the crash
rate for segments with over 30 MPH operating speeds is over twice as high as the average.
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The average crashes per mile across all city streets over the five-year study period was three

crashes per mile.

It should be noted that when calculating crashes per mile where each risk factor occurred some
data was available city-wide and crash rates of the selected contextual factor can be compared to
the City's average of three injury crashes per mile. Other data was not available city-wide. In these
cases, segments with the presence of those contextual factors received a calculated average crash
rate which were then compared to the average for each stratified threshold. For example, only
104 miles of the City's 633 miles of road had traffic volume data available. The injury crash rate for
those roads in total is six injury crashes per mile. The injury crash rate for roads with less than
10,000 ADT was also six injury crashes per mile but for segments with volumes between 10,000
ADT and 20,000 ADT was 13 crashes per mile, and segments with over 20,000 ADT (the selected
threshold for the HRN) had a crash rate of 31 injury crashes per mile, well over the average of six

crashes per mile demonstrated by sum total of the segments with available data.

Mapping the High Risk Network

Thornton's High Risk Network comprises roadway segments where at least four of the seven

contextual risk factors described here are present.

Combining into the High Injury Network + High Risk Network

The HIN and HRN were combined on a map to form the HIN + HRN.

Level of Service of Safety
Analysis

What is Level of Service of Safety (LOSS)?

Level of Service of Safety (LOSS) is a metric used to assess whether a location has more or less
crashes per vehicle volume than average relative to other similar locations in Colorado. It is useful
for identifying locations with a higher potential for safety improvements and is commonly used

by the Colorado Department of Transportation (CDOT) to prioritize safety improvement projects.
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The LOSS score ranges from 1 to 4 based on the crash rate percentile of a given location relative

to all other locations in Colorado:

* LOSS | (<20 percentile) Lower potential for crash reduction.
* LOSS 2 (20t to 50t percentile) Lower to moderate potential for crash reduction.
* LOSS 3 (50t to 80™ percentile) Moderate to high potential for crash reduction.

* LOSS 4 (>80 percentile) High potential for crash reduction.

LOSS Analysis Methodology

The contextual characteristics necessary to determine a LOSS score include average daily traffic
volumes, whether the intersection is signalized, and the number of street segments connected to
the intersection, among other factors. LOSS is based on the concept of Safety Performance

Functions and was developed by the Colorado Department of Transportation.3
Based on crashes within Thornton between 2018 and 2022, LOSS scores were determined for
e All arterial-arterial intersections with 15 or more crashes

e Any intersection with 1 or more fatalities
e Any intersection with 1 or more bicycle or pedestrian crash

Intersections with more crashes or more severe crashes than similar locations across the state

were considered for inclusion in the initial list of safety project locations.

Priority Intersection
Identification

Priority intersection projects included in the Vision Zero Action Plan were identified using the

following criteria for the study period (2018-2022), primarily based on crash history:

* Intersections with level of service of safety (LOSS) of 4

* |ntersections on the HIN+HRN with a LOSS of 3

3 Federal Highway Administration, 2011. “Level of Service of Safety and Diagnostic Analysis.” Available at
https://highways.dot.gov/safety/learn-safety/noteworthy-practices/level-service-safety-and-diagnostic-

analysis.
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* Intersections on the HIN+HRN with a bicycle, pedestrian, or fatal crash

* Intersections identified by multiple community members as a location of concern

Most of the priority projects identified using this methodology are on the HIN + HRN as safety

improvements to these roadways will have the greatest impact on safety.

Priority Corridor Identification

Access Management

Priority street segments were identified for access management and pedestrian & bicycle crossing
safety interventions. Fehr & Peers paired multiple analytic methods to understand trends for the
crash study period (2018-2022) with professional judgement to finalize the priority list. All

prioritized street segments are on the HIN + HRN with:

* A high concentration of driveway related crashes

* A high concentration of left turn, broadside, and/or pedestrian and bicycle crashes that
are more than 250 feet from a signalized intersection.

Crashes related to driveways and unsignalized intersections were filtered in two ways:

* Crashes where the road location was labeled “at driveway access”

* Crashes where the type was approach turn, broadside, pedestrian, or bike, and where the
location was at least 250 feet from a signal.

The resulting crash layers were analyzed using two approaches, as follows:

Approach 1: The HIN + HRN was divided into quarter-mile-long segments, and crashes within 50
feet were spatially joined to it. A crash rate (crashes per mile) was calculated for the two layers,
and the layers symbolized with four classes by quantile. Those segments in the highest quantile

were considered for inclusion in the Access Management Corridor list.

Approach 2: The analyst applied the sliding window script used for the High Injury Network
development to identify priority corridors for access management. The window length was again
set to 1,320 feet, the shift to 528 feet, and the search radius to 50 feet.
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Crashes were assigned a weight based on severity, where fatal and severe injury crashes received
a weight of 3, other injury crashes received a weight of 2, and property damage crashes received a

weight of one.

After running the sliding window tool using each definition of crashes, a second script isolated
segments that scored in the 98" percentile and smoothed them so that segments up to 2,640 feet
apart were joined together. All corridors identified using the “at driveway access” field were on
the HIN + HRN. The corridors generated using the second approach to filtering crashes yielded

two small segments that were not on the HIN + HRN. These were excluded from the final layer.

Fehr & Peers studied the corridors identified through these two methods using aerial imagery,
crash data, and a field visit. The analysis resulted in the following high priority street segments
and intersections for access management safety interventions and improved pedestrian/bicycle

crossings:

*  Washington Street - 84™ Avenue to Thornton Parkway
* Colorado Boulevard — 100" Avenue to 1215t Avenue

* 84 Avenue - Huron Street to 1-25

* 104%™ Avenue — Washington Street to Irma Drive

* 88" Avenue — Grant Street to Corona Street

* 88" Avenue - York Street to Devonshire Street

*  Huron Street — 88" Avenue to 97t Avenue

Speed management

The risk for severe crashes is highest in locations with high traffic volumes, high vehicle operating
speeds, and high concentrations of pedestrians and bicyclists. Priority street segments for speed
management safety interventions include corridors on the HIN + HRN where these factors are
high:

* Traffic volumes
* 85" percentile operating speeds

* Pedestrian and bicycle-involved crashes (2018-2022)

Traffic volume data came from the City of Thornton and DRCOG. Counts were joined to quarter-
mile long segments of the HIN +HRN. Because traffic volumes were not available for all segments,

we interpolated volumes using the Natural Neighbors interpolation method in ArcGIS Pro using
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volumes on the HIN+HRN as inputs. We converted the resulting raster into points and joined
them to the street segments. We compared observed to interpolated volumes where possible; the
mean ratio of observed to interpolated volumes was 0.98 and the median ratio was 1.01, giving us

confidence that the interpolated volumes were reasonable.

Speed data were purchased from Wejo, which provides data from connected vehicles. This data

includes millions of data points with coverage across the city.

Speeds and volumes were spatially joined to roadway segments with 50-foot, flat-ended buffers.
The team used median values for cases where multiple points were joined to each road segment
to minimize the effect of outliers in the data. Speeds and volumes were multiplied, and the
resulting value symbolized in four classes by quantiles. To this layer, we added bicycle and
pedestrian crash rates per mile. Where the crash rate was greater than zero, we multiplied the
crash rate by the speed times volume calculation to identify the riskiest areas for pedestrians and

bicyclists.

The resulting corridors were smoothed using professional judgement and knowledge of the area,

resulting in the following priority street segments:

*  Washington Street — 84™ Ave to 98" Avenue

*  Washington Street — 120™ Avenue to 130™ Avenue
* Colorado Boulevard — 100" Avenue to 1215t Avenue
* 84" Avenue - Huron Street to Washington Street

* 88" Avenue - I-25 to Colorado Boulevard

e 120t Avenue — I-25 to Colorado Boulevard

To this list, we added Washington Street from 144" Ave to 146™ Ave, which was identified by the

Police Department in a previous analysis.

Run-Off-the-Road

To identify stretches where run-off-the-road crashes are unusually common, we identified fixed
object crashes and excluded those where drug or alcohol impairment, aggressive driving, falling
asleep at the wheel, or medical emergencies were contributing factors, as those factors are
independent of the geography and often associated with run-off-the-road crashes in

urban/suburban contexts. We joined these crashes to the quarter-mile-long segments of the
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HIN+HRN, using a 50-foot search radius, and calculated a per mile crash rate. Segments were

symbolized with four classes by quantile.

The results from this analysis did not reveal any notable hotspots. Given these findings, no
specific segments were prioritized for run-off-the-road countermeasures. However, the other
improvement projects and action items, in particular speed management, will also have a positive

impact in mitigating these types of crashes. Thus, it is recommended that Thornton move forward

with the other safety improvement projects and action items to address this crash type.
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